A S GENERALLY agreed, the magnitude . of coronary flow is determined by the pressure head at the coronary ostia, the vasomotor tonus of the coronary vessels, and the compression exerted upon the intramural vessels by the beating heart muscle (not considering here: blood viscosity, coronary venous pressure, and certain other factors). Coronary flow is usually more than sufficient to supply the heart muscle with oxygen; the metabolic needs of the myocardium are dictated by its mechanical activity. The mechanisms that coordinate cardiac oxygen supply and consumption are not clear. Whenever coronary flow changes, it has been difficult to separate the role of coronary vasomotor tonus from passive variations of the coronary lumen resulting from alterations of intraluminal or extracoronary pressures. A method is described here whereby the three determinants of coronary flow, i.e., the active vasomotor state of the coronary vessel smooth muscle, and the intravascular and extravascular mechanical factors, can be separated and quantitated under different dynamic states.
S GENERALLY agreed, the magnitude . of coronary flow is determined by the pressure head at the coronary ostia, the vasomotor tonus of the coronary vessels, and the compression exerted upon the intramural vessels by the beating heart muscle (not considering here: blood viscosity, coronary venous pressure, and certain other factors). Coronary flow is usually more than sufficient to supply the heart muscle with oxygen; the metabolic needs of the myocardium are dictated by its mechanical activity. The mechanisms that coordinate cardiac oxygen supply and consumption are not clear. Whenever coronary flow changes, it has been difficult to separate the role of coronary vasomotor tonus from passive variations of the coronary lumen resulting from alterations of intraluminal or extracoronary pressures. A method is described here whereby the three determinants of coronary flow, i.e., the active vasomotor state of the coronary vessel smooth muscle, and the intravascular and extravascular mechanical factors, can be separated and quantitated under different dynamic states.
Methods
Two variations of a basic method were used. Many details common to both methods have been described before. 1 Briefly, the total coronary venous flow was measured with a modification of Dusser de Barenne's right heart bypass method 2 in air-ventilated, open-chest dogs. The three great veins were occluded and the total venous return was drained into a reservoir whence it was passed through a 24-inch rotating-disk oxygenator (Pemco Inc., Cleveland, Ohio). Blood temperature was continuously registered and controlled. In several experiments, the pH of anaerobically procured arterial blood samples was measured every 5 to 10 minutes with a constant-temperature Cambridge Research Model pH meter; the blood pH varied between 7.35 and 7.45. The use of a large, high-capacity oxygenator, which could arterialize flows up to 5,000 ml./min., required large volumes of priming blood (approximately 3,000 ml.) but resulted in stable blood oxygenation and pH because the flow usually did not exceed 2,500 ml./min. The pulmonary artery was ligated with minimal dissection; coronary venous blood from the right heart was drained into the venous reservoir by a constant, negative pressure of 2 to 3 cm. H 2 O but could be measured at any time (timed collection in a graduated cylinder). Samples of mixed coronary venous blood were taken for oxygen measurements; a semirigid plastic catheter in the aortic arch permitted arterial blood sampling and pressure registration. A similar catheter was inserted into the left ventricle through the atrial appendage or a segmental pulmonary vein. Pressures were recorded with Statham P23G transducers, which had identical calibrations. Blood oxygen content was measured as reported before. 1 Multiple measurements from the same sample showed a standard error of the mean of 0.33 vol. per cent when the blood oxygen content was less than 7 vol. per cent, and a standard error of 0.20 vol. per cent when the oxygen content was greater than 10 vol. per cent. Most of the venous blood samples contained more than 8 vol. per cent; most of the arterial samples contained 21 to 24 vol. per cent of oxygen. Data from steady states with 20 vol. per cent arterial oxygen content or less are not reported here.
In method "A," arterialized blood from the oxygenator was injected by a calibrated pump into the pulmonary artery. In this arrangement, the left ventricle pumped the entire systemic flow, which was known from the setting of the pump (except for bronchial flow). The use of an oxygenator in the series with the air-ventilated lungs was necessary in order to maintain constant arterial oxygen saturation during high flow rates. In earlier experiments the oxygen saturation of blood arterialized by air-ventilated lungs always fell to less than 20 vol. per cent at high systemic flow rates; ventilation of the lungs with high oxygen gas mixtures caused abnormally high blood oxygen tension at low flow rates. The possible effects of high arterial blood oxygen tension are unknown; air-ventilation avoided high arterial oxygen tension. In method "B," the blood from the disk oxygenator was injected into a femoral artery, but not into the pulmonary artery. Here, the left ventricle pumped only the small volume of bronchial flow but maintained left ventricular systolic pressures close to the systemic arterial diastolie pressure. The use of a "Davol" pump or "Pemco" roller pump could produce either pulsatile or nonpulsatile systemic arterial pressures; significant differences were not observed between "pulsatile" or "nonpulsatile" experiments.
In both types of experiments, observation usually began within 60 minutes after anesthesia (2 dogs, chloralose; 20 dogs, sodium pentobarbital). In the initial observations, systemic flows and pressures were high or normal, and the hearts had been subjected to a minimum of experimental interference. Systemic flows were then lowered in six to eight discrete steps, and measurements were taken after a steady state had become established. After measurements were taken at the minimum possible perfusion rate (20 to 30 ml./Kg./min.), the systemic flow was increased to the original level (80 to 150 ml./Kg./min.) and measurements were again recorded at this level and at decreasing flow rates. In four experiments with method "A," 20 units of Pitressin was injected into the venous reservoir after preceding control periods. Measurements were then taken during steady states at several different flow rates. In eight other experiments (method "B"), a distensible balloon was inserted into the left ventricle 3 after control measurements had been taken. "Cardiac injury" was then produced by injecting air into the balloon until a positive diastolie pressure of 15 mm. Hg or more persisted. When the left ventricular diastolie pressure had thus remained elevated for 10 to 15 minutes, eoi'onary flow and blood oxygen contents were measured at varying perfusion rates as before. In three preparations, systemic perfusion was kept constant, while left ventricular diastolie pressures were varied by changing the air content of the balloon. The magnitude of coronary flow varied widely among individual dogs, even when corrected to allow for differences in heart weight. For this reason, each heart served as its own control when the influence of physiological or pharmacological factors was investigated. Table 1 shows a typical experimental protocol using method "B."
Calculations and Statistics* In order to arrive at a numerical expressioii for the pressure difference between the aortic and the intraventrieular pressures (the "coronary driving pressure"), the aortic pressure tracing was superimposed upon the left ventricular pressure tracing, and the area between the two curves measured planirnetrically (figs. 1 and 2). From these data the mean coronary driving pressure in millimeters of mercury could be calculated by multiplying the heart rate per minute with the average area per beat and dividing the product by a constant that depended upon the paper speed of the recorder. Cardiac oxygen consumption was derived by multiplying the coronary blood flow with the arteriovenous oxygen difference and dividing this product by the weight of both atria and ventricles. This figure was expressed as milliliters/minute/100 Gin. heart weight.
In determining the degree of correlation that existed between parameters in individual experiments, the correlation coefficient (r) was found by the sum of the least squares method. With this correlation coefficient, the regression line was then found :
in tables 2, 3, and 4, (y) = coronary blood flow in milliliters/minute, and (x) = mean coronary driving pressure in millimeters of mercury. The residual deviation (s y .j), the Pacemaker used to control HR in next 5 observations Balloon in left ventricle 50 ml. air in balloon 40 ml. air in balloon Balloon deflated 60 ml. air in balloon 20 ml. air in balloon Balloon deflated 40 ml. air in balloon 50 ml. air in balloon Balloon deflated * Qpump = systemic perfusion rate in ml./min.; Qcor = coronary flow in ml./min.; CDP = mean coronary driving pressure in mm. Hg; LVP = left ventricular pressure in mm. Hg; AP = aortic pressure in mm. Hg; HB =: heart rate; A-O2 = vol. per cent of arterial oxygen content; V-O2 = coronary venous oxygen content; A-V Os = arteriovenous oxygen difference; Vo/100 = oxygen consumption per 100 Gm. heart weight (both atria and ventricles). Note increased A-V O2 difference when ventricle generated "normal" systolic pressure and decreased distensibility of "injured" left ventricle as evidenced by higher diastolic pressures at comparable balloon volumes." coronary blood flow not explained by the mean coronary driving pressure, as well as the standard error of estimate of the regression coefficient (s b ), was calculated. A single multiple regression equation was obtained by covariance analysis (Snedecor, 4 p. 340) from the pooled data of all experiments reported in table 2. The resulting regression coefficients made it possible to compare the relative significance of mean aortic pressure and of mean coronary driving pressure as determinants of coronary flow in uninjured hearts. In all tables the mean values shown for the correlation coefficients were derived with the use of Fisher's z transformation.
Results

Coronary Flow Related to Mean Coronary Driving Pressure in Uninjured Hearts
The hearts beat with a regular sinus rhythm at rates between 100 and 150. They had not been handled before or during the observations. During the preparatory cannulations and other procedures, the systemic pressure did not show precipitous changes. Only preparations that satisfied these criteria were used for our measurements of coronary flow in "uninjured" hearts. Table 2 shows the correlations between coronary flow and mean coronary driving pressure of "uninjured" hearts in experiments with methods " A " and " B . " Irrespective of the method used, a linear relationship existed between the two parameters: mean coronary driving pressure and coronary flow; the mean correlation coefficients were 0.952 in method " A " and 0.947 in method " B . " The beta coefficients (V), as well as the standard error of estimate of the regression coefficient (s b ), attest to the significance of the mean coronary driving pressure and not the mean 
0.328
Method " A " = left ventricle pumps entire systemic flow; method " B " = left ventricle pumps bronchial flow only; s y . x := standard deviation from regression line; Sb = standard error of estimate of regression coefficient; Y = coronary flow in ml./min./lOO Gm. heart weight; R = multiple correlation coefficient for regression equation; b'yi-s = beta coefficient, coronary flow related to coronary driving pressure, excluding aortic pressure; b' T2 -i = coronary flow related to aortic pressure, excluding coronary driving pressure.
•Animal with pulmonary nematodes.
aortic pressure. The slopes of the regression lines indicated that for each 1 mm. Hg increase in mean coronary driving pressure, the coronary flow increased 1 to 3 ml./min.
Coronary Flow Belated to Mean Coronary Driving Pressure in Injured Hearts
"Injured" hearts investigated here beat with the same frequency as "uninjured" hearts, or somewhat more slowly. When the left ventricle was distended to a diastolic pressure above 15 mm. Hg, the epicardium appeared tense and shiny and did not wrinkle during systole. The color of the myocardium remained pink; the color difference between coronary veins and arteries was marked. The data reported in this paragraph were obtained with method " B " only: either by varying the air content of the balloon with the systemic flow constant or by varying the systemic flow with the air content of the balloon constant. In both experimental procedures, the correlations observed between coronary flow and other parameters were similar; for this reason, the data are not reported separately, but are incorporated into one table.
In "injured" hearts, the coronary flow maintained its linear relationship with the mean coronary driving pressure (mean corre- lation coefficient = 0.935), but the slope of the regression lines was increased as compared with uninjured hearts, so that 1 mm. Hg variation in coronary driving pressure now caused a twofold increase in coronary flow as compared with the control states (table 3; fig. 3 ). Statistical analysis showed this increase to be highly significant (P < 0.01). This "injury pattern of coronary flow" was present not only when the left ventricle was distended to a positive diastolic pressure, but also after electrical countershock, or when normal left ventricular diastolic pressures were restored.
After defibril]ation, the coronary flow pattern remained abnormal for 30 to 45 minutes, during which time it gradually returned to a slope similar to the control regression line.
Influence of Pitressin on Coronary Flow
In 22 observations with method " A , " bradycardia and systemic v&soconstriction (increased aortic pressure with constant cardiac output) were observed after administration of pitressin. At systemic flow rates comparable to those used during the control periods, the coronary driving pressure was increased. A linear relationship between coronary flow and mean coronary driving pressure persisted after Pitressin, when left ventricular diastolic pressures were 5 mm. Hg or less and there was no "cardiac injury." The slopes and intercepts of the regression equations were less than those of the control period; thus, for any given mean coronary driving pressure, there was a decrease in coronary flow as compared with the control observations of the same heart (table 4). In self-perfused hearts (method " A " ) aortic pressure, left ventricular pressure, and coronary driving pressure changed in parallel directions. Only in experiments with method " B " did it become possible to dissociate the directional changes of these three pressures, so that they could be varied independently by appropriate experimental maneuvers. Covariance analysis (table 2, B and D) of-the pooled data from "uninjured" hearts revealed that the aortic pressure was not significantly correlated with coronary flow when the role of coronary driving pressure was considered. This is attested by the low value for b' y2 i when compared with the high value for b'yi-2-The low correlation between aortic pressure and coronary flow in "uninjured" hearts did not warrant separate consideration of aortic pressure as a factor in further statistical analysis. The aortic pressure measured in our experiments also represented the coronary arteriovenous pressure differential, since the right heart was empty and the pressures in the right heart were constant.
GROSS, KIEBEN, SALISBURY Coronary Flow and Cardiac Oxygen Consumption
In '' uninjured'' hearts, the mean correlation coefficient between coronary blood flow and cardiac oxygen consumption was 0.602. The oxygen consumption of "injured" hearts was not significantly related to the coronary flow (mean correlation coefficient = 0.415) (table 5; fig. 4 ). In many experiments with both methods, coronary flow and cardiac oxygen consumption changed in opposite directions when experimental conditions were progressively varied (e.g., table 1). In experiments with method " B , " the coronary flow and the cardiac oxygen consumption could be made to vary in opposite directions whenever this was desired. The low or negative correlations could not be explained on the basis of inaccurate oxygen measurements. Whenever the arterial oxygen content fell below 20 to 21 vol. per cent, coronary flow increased out of proportion to the coronary driving pressure.
Mean Coronary Driving Pressure and Cardiac Oxygen Consumption
In 150 observations on nine experimental preparations (table 5) , a relationship between cardiac oxygen consumption and the mean coronary driving pressure was either absent or of minimal significance. In the same group of observations, highly significant correlations existed between the mean coronary driving pressure and coronary flow. Correlation coefficients of lesser magnitude existed between coronary flow and cardiac oxygen consumption. Discussion Perusal of the literature discloses widely divergent concepts concerning the regulation of coronary blood flow. 3 From the data, we cannot decide whether this conflict resulted from the use of differing experimental preparations or from the difficulties inherent in the simultaneous measurement of all relevant parameters. Osher 8 and Kimura et al. 7 recently reaffirmed the concepts of Markwalder and Starling s and Morawitz and Zahn 9 who originally observed parallel changes in coronary flow and aortic pressure. After the initial report of Gollwitzer-Meier et al., 10 many investigators 11 " 14 emphasized the parallel changes of cardiac oxygen consumption and coronary flow, which were believed to represent a cause-and-effect relationship mediated by changing coronary arteriolar tonus. 14 Although Rein 15 considered coronary flow in "normal" hearts to be primarily determined by cardiac oxygen consumption, he also stated that in failing hearts coronary flow was "druckpassiv": being determined purely by pressure differentials. Simultaneous measurement of coronary-artery flow and coronary venous pressures by Gregg and Shipley 10 demonstrated a relatively unimportant influence of coronary venous pressure upon coronary flow. From these and other observations, "it does not seem likely that a considerable elevation of right atrial pressure will influence significantly coronary inflow in the normal heart." 5 Recent work from Gregg's laboratory 17 ' 18 placed emphasis upon the compression of coronary vessels by the contracting heart muscle, but he and others Unpublished data from experiments such as those described in references 1 and 25 showed correlations between heart rate, aortic pressure, left ventricular pressure, and coronary flow or cardiac oxygen consumption that were too similar to permit conclusions, thus demonstrating that the direct determinants of coronary flow can only be found in experiments that permit independent variation of the mechanical activity of the ventricle and of the aortic root pressure. Scott and Balourdas pressure, left ventricular mechanical activity, and cardiac oxygen consumption includes two possible spurious correlations: (a) left ventricular mechanical activity is a common determinant of aortic pressure and of cardiac oxygen consumption in the self-perfused heart; and (b) the comparison of coronary flow with cardiac oxygen consumption (coronary flow multiplied with the A-V oxygen difference) essentially compares coronary flow with itself. In our experimental arrangement, spurious correlation (a) was excluded because, in method " B ; " the mechanical activity of the left ventricle did not determine aortic pressure. Spurious correlation (b) was not relevant in our experiments because we did not assign significance to the correlations found between coronary flow and cardiac oxygen consumption.
Pilot studies suggested a dependence of coronary blood flow on the aortic-left ventricular pressure difference, which we call, for reasons of brevity, the "coronary driving pressure."* We therefore decided to perform experiments that would test the relationship between coronary driving pressure, aortic pressure, coronary flow, and cardiac oxygen consumption during different dynamic states. Measurements were taken during a control period when the "uninjured" left ventricle pumped the entire systemic flow, creating its own pressure head for coronary perfusion, and in subsequent experimental periods when the left ventricle pumped only the bronchial flow (1 to 3 per cent of systemic flow), while a heart-lung machine supplied the systemic circulation and created coronary perfusion pressure. Even under these conditions, systemic arterial pressure and left ventricular pressure peaks were not completely inde-*The term "coronary driving pressure" or "inflow pressure" was used by Katz et al. 57 as a synonym for the pressure at the coronary ostia; it has not been used since 1938. Other terms used to describe the pressures in the coronary tree are: central coronary pressure (the pressure at the coronary ostia), w peripheral coronary pressure/* and coronary perfusion pressure. 29 The importance of the coronary arteriovenous pressure gradient was stressed by several investigators/"" 
Figure 4 Relationship between coronary flow and cardiac oxygen consumption in "injured" hearts. Pooled data from four representative unselected experiments. (Dotted line) represents 100 per cent oxygen extraction at an average arterial oxygen content.
pendent. Only the use of an air-filled balloon in the left ventricle (method " B " ) allowed us to measure coronary flow and oxygen consumption when aortic root pressure and left ventricular performance varied independently, so that the mechanical activity of the ventricle was entirely unrelated to the coronary pressure head.
Evaluation of the Method
Our data are subject to the limitations that apply to procedures in anesthetized, openchest mammals. However, we minimized such sources of error as the variation in arterial oxygen content, blood temperature, and (in two experiments) blood pH. The coronary vessels were not camiulated or manipulated ; there was minimal surgical interference with nervous pathways (which are known to change coronary flow 33 ), and the heart was not ischemic during the preparation of the experiment. The experiments reported here were performed with the pressure in the right heart constant and, therefore, do not take into consideration the role of the right heart or of systemic venous pressure in the regulation of coronary flow. The relatively high coronary venous oxygen contents reported here were caused by an admixture of highly oxygenated blood that had passed through the wall of the right ventricle and other parts of the heart that were minimally active. The fraction of coronary venous blood that had passed through "inactive" parts of the heart could not be measured in our experiments. We believe that the volume of coronary blood that perfused "inactive" parts of the heart varied in a linear fashion with aortic pressure (one of the determinants of coronary driving pressure), because the pressure in the right heart was constant and the intrarnyocardial pressure in the right ventricular wall must have been low. Also, if the relation between aortic pressure and perfusion of "inactive" cardiac tissue had been curvilinear, it would have canceled exactly an equivalent, but opposite. "These describe the relations of coronary flow, mean coronary driving pressure, and cardiac oxygen consumption in "uninjured" and "injured" hearts (method " B " ) J parentheses show number of observations. curvilinear deviation of the coronary blood flow through "active" cardiac tissue, thus producing a fictitious straight-line relationship throughout a wide variety of conditions. Data from method " A , " in which the left ventricle pumped the entire systemic flow, showed the same linear relationship between mean coronary driving pressure and coronary flow that was also observed in experiments with method " B , " in which the left ventricle pumped only 1 to 3 per cent of the systemic flow. Coronary flow and oxygen use of a left ventricle that compressed an air-filled balloon were determined by the same entities that regulated coronary flow when the heart pumped blood. The data are significant also because they were consistent and reproducible, coronary flow was highly correlated with one parameter but not with others, and values for cardiac oxygen consumption and coronary blood flow were comparable with values found in our earlier experiments and elsewhere for similar ranges of mean left ventricular pressures. 1 figure 4 and table 5, it is evident that, in "injured" hearts, we did not find a significant correlation between cardiac oxygen consumption and coronary flow. A direct, negative correlation between oxygen consumption and coronary flow existed whenever the aortic pressure was kept constant and the left ventricular diastolie pressure was varied in method " B . " Even in "uninjured" hearts (methods " A " and " B " ) , cardiac oxygen consumption and coronary flow often varied in opposite directions when the heart rate or the mean left ventricular pressure changed while the systemic pressure was constant. In our opinion these facts exclude a cause-andeffect relationship between cardiac oxygen consumption and coronary blood flow, as postulated by other investigators. Unquestionably, the pressure at the coronary ostia must be the primary force that propels blood flow in the coronary vessels. It has long been appreciated, however, that coronary blood flow, although forwarded by this "central coronary pressure," is also retarded by the compression of intramyocardial coronary vessels during systole 44 and by the active state of the coronary vessel smooth muscle, which is called coronary vasomotor tonus. The relationship between aortic pressure and coronary flow has been analyzed by many investigators, but extracoronary compression and coronary vasomotor tonus were not clearly distinguished from aortic pressure. The data reported in table 2 show that the correlation between aortic pressure and coronary flow was less than the correlation between coronary driving pressure and coronary flow. Since the term "coronary driving pressure" includes the propulsive force of aortic pressure, further consideration of aortic pressure as a separate entity appeared to be unnecessary.
Coronary Driving Pressure: A Determinant of Coronary Flow
Whenever hemodynamic factors varied, the coronary flow was determined by the coronary driving pressure with consistent and reproducible linearity (table 2; fig. 3 ). The correlation coefficients between these two parameters were higher than correlations between coronary flow and other parameters reported here and elsewhere. From these data, the conclusion imposes itself that purely mechanical pressure differentials, and not changes of coronary vasomotor tonus, adjusted the oxygen supply of the heart muscle to its oxygen consumption when the mechanical activity of the heart changed. If other factors besides coronary driving pressure would have affected the magnitude of coronary flow in our experiments, the regression equations presented here would not have exhibited the high correlation coefficients and low standard error of estimate (Sb) found. Coronary flow was still a function of coronary driving pressure even when the oxygen consumption of the heart varied over a wide range (variation of left ventricular distention). Apparently, the coronary driving pressure integrates the fluctuating forces that propel (aortic root pressure) and oppose (intramyocardial pressure) coronary blood flow into heart muscle. It also appears that the left ventricular pressure curve integrates •intramyocardial pressures (which are known to vary in time and regionally in the heart muscle 23 ' 24 ) into a useful "mean."
Coronary Vasomotor Tonus: A Determinant of Coronary Flow After "injury," coronary flow was linearly determined by the coronary driving pressure, but with a much steeper slope (table 3; fig. 3 ). The minimal deviation of the individual points from the regression line and the increase in the regression coefficient, " b , " impose the conclusion that the variations in the slope of the regression line represent corresponding variations of coronary vasomotor tonus. Whenever the arterial oxygen content fell below 19 to 21 per cent, as it did in four experiments not reported here, the points identifying coronary flow at a gi *en coronary driving pressure were far above the original regression line observed during standard arterial oxygen contents. Since arterial hypoxia is known to decrease coronary vasomotor tonus, we interpreted these effects as demonstrating changes of vasomotor tonus during otherwise identical conditions of intracoronary and extracoronary pressures. The relaxation of coronary vasomotor tonus that we always observed after "cardiac injury" or arterial oxygen contents below 19 to 21 vol. per cent may explain the mechanism of "spontaneous changes" observed elsewhere. 39 " 4 -Pitressin caused significant decreases of the regression lines in four experiments. It demonstrated the ability of our experimental procedure to measure not only decreases, but also increases, of coronary vasomotor tonus (table The method described here can be used to derive a numerical value for coronary vascular tonus: the regression coefficient, " b , " which was increased by "injury" and decreased after Pitressin. The intercept (constant " a " ) of the regression lines on the ordinate also became more positive after "injury" and more negative after Pitressin. We cannot know at this time whether the interCirculation Research, Volume IX, May 1961 cept " a " can have separate physiological significance. We believe that this method affords a numerical expression for coronary vasomotor tonus that can measure the effect of physiological or pharmacological agents. Summary A method is described that measures the contribution of coronary vasomotor tonus and extracoronary factors in the regulation of coronary blood flow. Coronary flow was measured from the bypassed right heart when the left ventricle pumped the entire systemic flow (method " A " ) and when a heart-lung machine generated systemic pressure (method " B " ) . In method " B , " the mechanical activity and the oxygen consumption of the heart could be dissociated from systemic pressure by the use of a balloon in the ventricle. Control measurements were performed in '' uninjured'' hearts; when a balloon was inflated to a left ventricular diastolie pressure of 15 mm. Hg or more, a state of "cardiac injury" supervened.
The arterial oxygen content was kept above 20 to 21 vol. per cent, but the cardiac oxygen consumption varied over a wide range. Whenever hemodynamic factors changed, coronary flow was a highly correlated, straight-line function of the difference between the aortic pressure and the left ventricular pressure, which we call the "coronary driving pressure." In "injured" hearts this linearity and high correlation persisted, but the slope of the regression line increased. We conclude that coronary flow is determined by the integrated difference between the propulsive force (the fluctuating pressure head at the coronary ostia) and opposing forces (intramyocardial pressure, which is known to oppose local coronary flow whenever and wherever it exceeds intravascular pressures). Cardiac oxygen consumption and coronary blood flow were not significantly related and were, therefore, coordinated by purely mechanical pressure differentials and not by changes of coronary vasomotor tonus. However, coronary vasomotor tonus decreased markedly during arterial anoxia or after various types of cardiac injury; it increased after Pitressin.
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